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3  3933 COI

1

1.1

75 
1.2 DNA

200 mg 1.5 mL
500 L TE

0.5% SDS 200 g•mL 1 K
55 2~3 h /

2 70%
ddH2O 4 

1.3 PCR
COI COIa

A G TATA A G C G TC TG G G TA G TC CO I f
CCTGCAGGAGGAGGAGAYCC 17

PCR PTC-200 PCR
50 L 10

buffer 5.0 L Mg2+ 2.0 mmol/L
10 mol/L 2 L dNTP 2.5 mmol • L 1 4 L

Taq TaKaRa 5 U • L 1 0.4 L 2.0 L
ddH2O 94 5 min
94 30 s 55 30 s 72 60 s 35

72 10 min PCR
1.5% EB

1.4
Mega3.0 18

Statistics

Modeltest 19

NJ Neighbor-Joining method
ML Maximum Likelihood method

NJ PAUP * 4.0
20  Heuristic search

Bootstrap 21

1 000 ML TREEFINDER 22

Bootstrap 21 100

Modeltest
Ka/Ks Nei-Gojobori 

method 23 MK McDonald-Kreitman 
test 24

2

COI
5 14

3 1 8 603 bp 201
GenBank

EU119289~119300
2.1 mtDNA COI

12 GenBank
Blast COI

86.2%~100% 1
3

COI 603
109 85

3 5
8 11

T C A G 34.2%
22.3% 25.9% 17.6 % A+T 60.1%
2.2  

603 bp 201
12 12

4.0 1 4
2 1 3

22 5

A T G C 1 2 3
G 1 2

3 G 31.3% 15.4% 6.1%

3 1
8 4

UUC
F AUU I

10.0 CGC R
1.0

3~7 3
/ /

UUC F AUU I GUA V
13.0/12.6/15.0 14.0/15.2/14.0 10.0/10.4/9.0
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1 COI

Pa Pc Pp .

Fig.1 Variable sites of mitochondrial COI gene segments in Pampus argenteus P. punctatissimus and P. chinensis

Note The numbers in the gure denote base sites. Pa P. argenteus Pc P. chinensis Pp P. punctatissimus.

2.3
1 3

0.002~0.004 8

0.000~0.013 0.151~0.162
0.165~0.168

0.058~0.065

1 3 /
Tab.1 Genetic distance below the diagonal  and substitution above the diagonal  of the three pomfret species

Pa1 Pa2 Pa3 Pc1 Pp1 Pp2 Pp3 Pp4 Pp5 Pp6 Pp7 Pp8

Pa1 2/1 2/0 74/17 66/17 64/19 65/17 64/18 66/18 66/18 50/15 57/14

Pa2 0.002 4/1 75/16 67/16 65/18 66/16 65/17 67/17 67/17 51/14 59/13

Pa3 0.002 0.004 72/17 64/17 62/19 63/17 62/18 64/18 64/18 49/15 56/14

Pc1 0.168 0.168 0.165 33/2 33/4 32/2 31/3 33/3 33/3 24/3 32/2

Pp1 0.156 0.157 0.154 0.060 2/2 1/0 4/1 4/1 0/1 1/1 1/0

Pp2 0.156 0.157 0.154 0.060 0.004 3/2 2/3 2/3 2/3 3/1 2/1

Pp3 0.154 0.154 0.151 0.058 0.002 0.006 5/1 5/1 1/1 0/1 2/0

Pp4 0.156 0.156 0.153 0.060 0.009 0.004 0.011 2/0 4/2 4/2 4/1

Pp5 0.162 0.162 0.159 0.065 0.009 0.004 0.011 0.004 4/2 4/2 4/1

Pp6 0.159 0.159 0.156 0.063 0.002 0.006 0.004 0.011 0.011 1/2 1/1

Pp7 0.156 0.156 0.153 0.060 0.004 0.009 0.002 0.013 0.013 0.006 1/1

Pp8 0.156 0.157 0.154 0.060 0.000 0.004 0.002 0.009 0.009 0.002 0.004

Pa Pc Pp .
Note Pa P. argenteus Pc P. chinensis Pp P. punctatissimus.
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2.4
Peprilus medius AB205449

Stromateus stellatus AB205450
GenBank AB205448 COI

3
Psenopsis anomala AB205441

NJ ML
2

2  COI

NJ ML 50

Pa Pc Pp .

Fig.2  Reconstruction of phylogenetic tree in the Pampus 

genus based on mitochondrial COI gene fragment 

numbers indicate bootstrap confidence values of NJ 

and ML and the values less than 50 were not shown

Pa P. argenteus Pc P. chinensis Pp P. punctatissimus.

COI 8 GenBank
COI 1 3

1 3
90% 3

2.5
1

2
Ka/Ks Nei-Gojobori method MK McDonald-
Kreitman test

Ka/Ks Nei-Gojobori method
Ka/Ks 1 2

Negative selection

Purifying selection
McDonald Kreitman

Nonsynonymous
Synonymous 5

55 4 6 Neutrality 
Index NI 7.333 G 5.832 P
0.015 74 0.01<P<0.05

COI

3

3.1 3 COI
COI GenBank

86%
COI Pp1 GenBank

mtDNA COI
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25

26
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3.2
20

12

5 P. argenteus
P. cinereus P. chinensis P. 

punctatissimus P. minor
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2
Tab.2 Synonymous(Ks) and nonsynonymous(Ka) substitution of P. argenteus and P. punctatissimus

Pairwise
Ks Ka Ka/Ks Pairwise

Ks Ka Ka/Ks

Pa1-Pa2 0.0089 0 0.0000 Pa3-Pp8   0.824 0.0184 0.0223

Pa1-Pa3             0 0.0028 Pp1-Pp2 0.0178 0 0.0000

Pa1-Pp1          0.8196 0.0213 0.0260 Pp1-Pp3 0.0088 0 0.0000

Pa1-Pp2           0.8196 0.0213 0.0260 Pp1-Pp4 0.0267 0.0028 0.1049

Pa1-Pp3          0.7937 0.0213 0.0268 Pp1-Pp5 0.0268 0.0028 0.1045

Pa1-Pp4          0.7896 0.0242 0.0306 Pp1-Pp6 0 0.0028 --

Pa1-Pp5          0.8463 0.0241 0.0285 Pp1-Pp7 0.0088 0.0028 0.3182

Pa1-Pp6           0.8196 0.0241 0.0294 Pp1-Pp8 0 0 --

Pa1-Pp7             0.7896 0.0242 0.0306 Pp2-Pp3 0.0268 0 0.0000

Pa1-Pp8           0.8196 0.0213 0.0260 Pp2-Pp4 0.0088 0.0028 0.3182

Pa2-Pa3            0.0090 0.0028 0.3111 Pp2-Pp5 0.0088 0.0028 0.3182

Pa2-Pp1            0.8196 0.0213 0.0260 Pp2-Pp6 0.0178 0.0028 0.1573

Pa2-Pp2         0.8196 0.0213 0.0260 Pp2-Pp7 0.0267 0.0028 0.1049

Pa2-Pp3            0.7937 0.0213 0.0268 Pp2-Pp8 0.0178 0 0.0000

Pa2-Pp4            0.7896 0.0242 0.0306 Pp3-Pp4 0.0358 0.0028 0.0782

Pa2-Pp5            0.8463 0.0241 0.0285 Pp3-Pp5 0.0359 0.0028 0.0780

Pa2-Pp6          0.8196 0.0241 0.0294 Pp3-Pp6 0.0088 0.0028 0.3182

Pa2-Pp7          0.7896 0.0242 0.0306 Pp3-Pp7 0 0.0028 --

Pa2-Pp8          0.8196 0.0213 0.0260 Pp3-Pp8 0.0088 0 0.0000

Pa3-Pp1                0.8240 0.0184 0.0223 Pp4-Pp5 0.0177 0 0.0000

Pa3-Pp2               0.8240 0.0184 0.0223 Pp4-Pp6 0.0267 0.0056 0.2097

Pa3-Pp3                  0.7979 0.0184 0.0231 Pp4-Pp7 0.0357 0.0056 0.1569

Pa3-Pp4            0.7937 0.0213 0.0268 Pp4-Pp8 0.0267 0.0028 0.1049

Pa3-Pp5             0.8510 0.0212 0.0249 Pp5-Pp6 0.0268 0.0056 0.2090

Pa3-Pp6               0.8240 0.0212 0.0257 Pp5-Pp7 0.0358 0.0056 0.1564

Pa3-Pp7              0.7937 0.0213 0.0268 Pp5-Pp8 0.0268 0.0028 0.1045

Pa- Pc Pp .
Note Pa-P. argenteus Pc P. chinensis Pp P. punctatissimus.

3.3 3

mtDNA

D-Loop

28 12S rRNA 16S rRNA
CO

29 30

3
0.165~0.168

0.151~0.162

1 27

9
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0.058~0.065
1

12

COI

3.4
1983 DNA

DNA
31 32

33 34

Ka/Ks MK
2

DNA
DNA DNA
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Ka/Ks 1 Negative selection
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3
DNA Ka/Ks

1 4 /Ks

Ka/Ks 1 MK
5/55 4/6
G=5.832 P=0.015 74
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Sequence variation and molecular phylogeny of mitochondrial COI gene 
segments from three pomfret species

ZHANG Feng-ying1 2 MA Ling-bo1 SHI Zhao-hong1 MA Chun-yan1

1. East China Sea Fisheries Research Institute Chinese Academy of Fishery Science Key and Open Laboratory of Marine and 
Estuarine Fisheries Ministry of Agriculture Shanghai 200090 China 2. East China Normal University Shanghai 200062 China

Abstract Pomfret species af liated to the Perciformes order Stromateoidei suborder Stromateidae family has 
high nutritional and economic value. There has been much controversy in their taxonomy ever since 1960’s and 
phylogenetic relationship are still obscure. The researches on the taxonomy were reported only by morphological 
characters such as gill raker pyloric caeca otolith head and vertebra but few by molecular phylogenetic data. 
Phylogenetic relationships of 3 pomfret species Pampus argenteus P. punctatissimus and P. chinensis collected 
from the East China Sea were analyzed by sequence variations of mitochondrial COI gene fragments in this 
study. PCR ampli cation products of 603 bp COI gene fragments were obtained and sequenced and 109 variable 
sites were detected in 3 pomfret species. The average contents of T C A and G were 34.2% 22.3% 25.9% and 
17.6 % respectively. Twelve different haplotypes were de ned including one haplotype in P. chinensis three 
haplotypes in P. argenteus and eight haplotypes in P. punctatissimus. Obvious codon usage bias was found in 
three species. The genetic distances were from 0.165 to 0.168 between P. argenteus and P. chinensis from 0.151 
to 0.162 between P. argenteus and P. punctatissimus and from 0.058 to 0.065 between P. punctatissimus and P. 
chinensis. The computer program Modeltest was used to determine the optimal model of nucleotide evolution. 
Molecular phylogenetic trees were constructed with Psenopsis anomala as the outgroup using neighbor-joining 
and maximum likelihood methods. The two methods resulted in well-resolved trees with most nodes being 
supported by moderate to high support values. Phylogentic relationship showed that 3 pomfret species were 
clustered in one clade in which P. punctatissimus and P. chinensis clustered as sister species and P. argenteus 
was the earliest species diverged. Neutrality test of Ka/Ks Nei-Gojobori method  and MK McDonald-Kreitman 
test  suggested that natural selection at DNA level occurred in mitochondrial COI genes during the evolution 
history of Pampus genus. Journal of Fishery Sciences of China 2008 15 3 392 399
Key words Pampus mitochondrial cytochrome oxidase I COI  gene sequence variation molecular 
phylogeny natural selection
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